Small and hyperostotic tympanic bone spicules (STBS and HTBS) extending from the tympanic wall or from the septum bullae into the tympanic cavity have been described in large feline species such as Siberian tigers or African lions and in canids such as dogs, red foxes and wolves. Detailed descriptions of prevalence, location and orientation were performed for dogs and African lions by means of necropsy and conventional computed tomography (cCT). Aims of the current study were to describe same characteristics for domestic cats by means of microcomputed tomography (µCT) and cCT. A total of 15 cats or rather 30 ears were examined. Furthermore, new bone formations extending into the tympanic cavity shaped like small lamellae were found and named "tympanic bone crests" (TBCs). The registered phenomenon of a thickened tympanic wall in some cats was named "tympanic wall thickening" (TWT).
| INTRODUC TI ON
Small tympanic bone spicules (STBS) and hyperostotic tympanic bone spicules (HTBS) are new bone formations extending from the mucoperiosteum into the cavity of the tympanic bulla (Parzefall et al., 2015) . They have been mistakenly referred to as "otoliths" or "otolithiasis" in dogs (Drees, 2011; Farrow, 1992; Ziemer, Schwarz, & Sullivan, 2003) , which are stone-like calcium carbonate concretions of necrotic material. STBS and the stalks of the HTBS whereas consist of osseous bone covered by a vascularized connective tissue and a squamous or ciliated epithelium. STBS are maximal 1-mm-long needle-like structures with a pointed or clubbed tip with a diameter of <1 mm. If the extent increases, they are called HTBS or mucoperiosteal exostoses (MpEs), characterized as generally stalked, drumstick-like, smooth and globular bony structures (Novales et al., 2015; Parzefall et al., 2015) . The "heads" had a diameter over 1 mm and consisted of normal lamellar bone tissue, sometimes with a medullary central channel, covered by the normal middle ear mucoperiosteum and a mostly flat, partially ciliated epithelium (Heitmann et al., 2016; Novales et al., 2015; Parzefall et al., 2015; Sula, Njaa, & Payton, 2014) . Just a few studies were performed evaluating the prevalence and the occurrence of these "otolith-like" bone structures. They could be detected in canids (e.g., dogs, wolves, foxes) and in large feline species (e.g., lion, tiger, leopard, cheetah). They could not be detected in primates, small carnivorous species (e.g., domestic cat, white breasted marten) and domestic or farm animals (e.g., horse, alpaca, goat, sheep, cattle, pig, rabbit, mouse, rat; Heitmann et al., 2016) . A detailed description of HTBS is only present for dogs and African lions. Parzefall et al. (2015) examined 50 dogs within the scope of routine necropsy and another 144 skulls from a skull collection, and Novales et al. (2015) examined eight African lions.
The only difference between canids and large felids was the location of STBS and HTBS. In canids, they were mainly located at the free margin of the incomplete septum bullae and only a few at the ventrocaudal wall or the roof of the hypotympanic cavity (Parzefall et al., 2015) , whereas in large felids they appeared mostly on the ventromedial aspect of the tympanic bulla wall and only a few in the epitympanic cavity (Novales et al., 2015) . The (patho-) genesis of tympanic bone spicules (TBS) is still unknown, and different theories exist but they are just speculations. In African lions, the most probable cause was a response to a chronic injury as an otitis media (Novales et al., 2015) , while in canids on the one hand mostly no connection between an inflammatory process in the external ear canal or in the middle ear with the appearance of TBS could be detected whereby on the other hand an inflammation cannot be ruled out (Parzefall et al., 2015) . Other hypotheses are "own independent functions, such as increasing the surface of the tympanic cavity or mediating the perception of low-frequency sounds via bone conduction into the inner ear" (Parzefall et al., 2015) .
The mentioned studies detected and described TBS by means of radiographs, conventional computed tomography (CT), visual inspection and histology. In the present study, we use besides of CT additionally µCT to describe the occurrence and the location of TBS in domestic cats for the first time in research. A comparison of CT and µCT will show the differences between the two imaging methods in detecting and identifying inter-alia TBS. Additionally, special anatomical structures were analysed and described in detail such as new bony structures similar to lamellae extending into the hypotympanic cavity which are named tympanic bone crests (TBCs). Another part of the present study is the evaluation of the consistency of the thickness of the tympanic wall. Thicker wall parts were found, and this phenomenon was described as tympanic wall thickening (TWT).
| MATERIAL S AND ME THODS

| Cat ears and preparation steps
Thirty fresh ears of 15 euthanized cats were used in the present study, and the characteristics of the cats are shown in Table 1 . All cats were free from diseases of the head as could be confirmed with ra- 
| cCT investigations, µCT investigations and positioning technique for the cCT and µCT scans
Both investigation methods and the positioning technique comply with the procedures in the study of Beck et al. (2019) . The utilized scan parameters in this study were the same as in the study of Beck 
| Evaluation of cCT and µCT scans
The TWTs were apparent in 13% of the ears (Figure 1a-d) being located mostly in the caudal third, and none was found in the cranial third. A thickness from 0.74 to 1.1 mm was measured. The
TWTs could be detected in cCT images as well but they were less discrete and mainly evident due to focally increased density and not due to thickening of the wall (Figure 1d ). The part of the tympanic wall that was dorsal in the image in relation to the location of the TWT appeared less dense in cCT images, whereas it was only less thick in reality as could be shown by means of µCT images (Figure 1c,d) .
STBS were found in 13 ears of nine cats, four of them bilaterally. The number of STBS per affected ear was one to four or 1.7 in average (Figure 1c-m) . Seventeen STBS extended from the tympanic wall into the hypotympanum (Figure 1 ,e,f,l,m), and only five extended from the septum bullae into the dorsolateral compartment of the tympanic cavity (Figure 1c,d,g-k) . The point of their origin was mainly ventromedial (17/22) independently of the bulla compartment that they were extending into. Nine STBS were located in the cranial as well as in the medial third, and only four appeared in the caudal third of the tympanic cavity. The length was measured from 0.5 to 2.8 mm with a stalk thickness from 0.1 to 0.4 mm. STBS were inconsistently detected with cCT, and only the larger STBS were identified (Figure 1c,d,g-k) . Its identification as STBS was, nevertheless, hard to justify as their appearance in the cCT scans was very similar to the occurrence of TWT (Figure 1f,m) .
By means of µCT scans, an identification of these hyperattenuating structures could be made without any concerns (Figure 1e ,l); it was even possible to identify the smallest ones (Figure 1c,g,i) . (Figure 1o,q) . The TBC in Figure 1u was identifiable thanks to the comparison with the µCT image. Without this comparison, the TBC itself was hard to identify as a bony structure because its density seems to be less than the comparable density of the tympanic wall. In a few cases, the TBCs were represented as TWT or as STBS in cCT images due to a low height and length.
A HTBS were present in only one ear (Figure 2 ). It was located in the middle third part of the hypotympanic cavity being ventromedial.
F I G U R E 2
The detected HTBS presented in a series of µCT images (a-c) and cCT image (d). Presentation of the head (red arrow), the stalk (green arrow) and the base (yellow arrow)
Its stalk is 0.6 mm long and 60 µm width extending from a 1 mm width and 0.6 mm thick base. The smooth globular swelling ("head") at the top of the stalk had a diameter of 1.1 mm. Its identification was fairly difficult with cCT as the stalk is not represented, and the head seemed to float in the tympanic cavity (Figure 2d ), whereas by means of µCT the entire pathway and the total extent were clearly recognizable and measurable (Figure 2a -c).
| D ISCUSS I ON
| Occurrence of STBS, HTBS, TBC and TWT
HTBS had been found in previous studies only in large felids (e.g.,
Siberian tigers or African lions) and canids (e.g., dogs, wolves or foxes; Heitmann et al., 2016; Novales et al., 2015; Parzefall et al., 2015) . The present study showed that STBS as well as HTBS occur in domestic cats even if the occurrence was less frequent compared with the other species. Furthermore, TWT and TBC could be detected in the middle ear of the cat. The formation process of all mentioned structures is unknown, and histological examination and the evaluation of cCT and µCT did not show any signs of inflammatory alterations of the middle ear. The same could be said about STBS and HTBS; the origin and the developmental process remain unknown, corresponding to the results of Parzefall et al. (2015) . In the present study, this is shown for the detected HTBS (Figure 3 ).
TWT as well as TBC mostly appeared in the caudal parts of the tympanic cavity/wall, and a correct identification was only given using µCT. STBS and HTBS were mostly present on the ventromedial aspect of the tympanic wall, the same location as described for African lions by Novales et al. (2015) . The same could be said for the and African lions (50%; Novales et al., 2015) .
To measure the extent and to describe location and orientation of the structures, a fixed multiplanar reconstruction tool was used in the present study. The measured values were taken at the points with the highest and most realistic extensions, and consequently, the results can only be used as orientation values. More precise results could be obtained using a free MPR tool. By means of cCT, it was not possible to safely detect the found phenomena as its spatial resolution was too low to detect, for example the entire pathway of the stalks of S/HTBS. This might lead to misdiagnosis of otoliths with cCT. Therefore, the use of an in vivo µCT with the advantage of a higher spatial resolution (Holdsworth & Thornton, 2002; Kalender, 2006 ) is necessary to detect mentioned structures. As all cats in the present study were free from diseases, it is not sure whether found anatomical norm variations are also visible in cats with present ear diseases such as otitis media or inflammatory polyps.
| CON CLUS I ON S AND OUTLOOK
HTBS and STBS also exist in domestic cats but its occurrence is 
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